The aim of our research is to investigate the qualitative and quantitative composition and antioxidant activity of flavonoids in leaf samples of Ginkgo biloba L. (G. biloba) growing in Lithuania and also to provide practical recommendations for the pharmaceutical industry to determine the optimum harvesting time and growth location of G. biloba leaves. The obtained results indicate that the growth location and time of sample collection have a significant influence ( ≤ 0.05) on the content of active compounds. July and August are the best months to harvest G. biloba leaves for industry. To ensure the rational collection of G. biloba raw material, the location of plantations is recommended in the western and southwestern phytoregions. The obtained results also indicate that the flavonoid content in G. biloba leaf has a significantly positive correlation ( = 0.952, ≤ 0.001) with antioxidant activity. The aqueous acetonic extracts from green leaves scavenge radicals to a greater degree than those from yellow Ginkgo leaves. The results of this investigation provide information regarding the most suitable Lithuanian growing location to produce G. biloba with an optimized content of health-promoting compounds.
Introduction
G. biloba is one of the most popular medicinal plants. Active compounds in Ginkgo extract possess antioxidant [1] [2] [3] , antiasthmatic [4] , and wound-healing properties [5] , improve blood circulation, discourage clot formation, reinforce the walls of capillaries, and protect nerve cells from harm when deprived of oxygen [6] . Due to its notable pharmacological effects, G. biloba is widely used for the treatment of Alzheimer's disease [7] , concentration difficulties, and memory impairment [8] , cerebral insufficiency [9] , intermittent claudication [10] , vertigo [11] , and tinnitus [12] .
The standardization of G. biloba leaf extract, which is used in the production of medicines, is problematic due to the insufficiently revealed relation between accumulated compounds and a therapeutic response. The composition of the primary plant material becomes significant in the production of nonstandardized phytopharmaceutical products. Pharmaceutical companies prefer using cultivated plants instead of wild-harvested plants because they show smaller variation in their constituents. Furthermore, when medicinal plants are produced by cultivation, the main secondary metabolites can be monitored, permitting the definition of the best period for harvesting [13] . No additives regulating the compositional variation are used in the preparation of the target group of extracts-quantified extracts and final pharmaceutical products. Therefore, the selection of a suitable extraction solvent and procedure, as well as the preparation of appropriately constituted plant raw material, is important in order to ensure a reproducible quality of herbal medicinal products. Research in changing quantities of bioactive compounds of the plants that are grown in specific production areas is applied in order to reduce variation in the possible composition and the therapeutic response.
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The content of bioactive compounds differs during the plant growth period and can be influenced by growing region, cultivation sources, and climate [14] , temperature [15] , light, water availability, and agricultural techniques [16] . Thus, it is important to study the seasonal differences in the contents and bioactivity of active compounds. There are few reports on the effect of sunrays on plant physiology, phenological changes with spatial variation, content of phenolic compounds, and free radical-scavenging activity within the vegetative period [17, 18] . Some studies have reported different contents of flavonoids and phenolic compounds in G. biloba leaves, but all of the work was done with trees that were cultivated in warm temperate climates.
Literature sources provide little data about the phenolic compounds in G. biloba plants and the quality of the raw material growing under the climatic conditions of the Baltic Nordic region. Therefore, the aim of our research is to investigate the qualitative and quantitative composition and antioxidant activity of flavonoids in leaf samples of G. biloba growing in Lithuania and also to present a reference for industry to determine the optimum collection time and growing location of G. biloba leaves.
Materials and Methods

Plant Material.
In order to obtain different growing regions and harvest time, G. biloba phenotypes from five different collections were studied ( Table 1 ). The study sample comprised 25-30 healthy, fully developed leaves collected from the middle part of current shoot situated at the east side of each tree. Leaves were collected from different regions of Lithuania every month between June 25 and October 25, 2014. The leaves that were collected between June 25 and August 25 were green, while those that were collected on September 25th were green and yellow and those that were collected on October 25th were yellow. The temperature during the vegetative period was close to the annual averages. There were no extremes that could affect normal development of G. biloba trees. Daily minimum temperatures indicate autumn frosts which were recorded 6 nights at the end of September to the beginning of October.
The raw material was air-dried at room temperature (20) (21) (22) (23) (24) (25) ∘ C) until reaching air-dried condition in well ventilated room, protected from direct sun rays. Loss on drying before the analysis was determined by applying the method indicated in the European Pharmacopoeia. The research results were converted to absolutely dry plant material considering the obtained data of sample shrinkage.
Reagents and Standards
. HPLC-grade methanol was supplied by Carl Roth GmbH & Co (Karlsruhe, Germany); the ethanol was produced by Stumbras (Kaunas, Lithuania). The acetone (HPLC grade), hydrochloric acid (37%), potassium persulphate (99%), 2,2 -Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS, 98%), and orthophosphoric acid (85%) were purchased from SigmaAldrich GmbH (Buchs, Switzerland). Trolox (98%) was received from Fluka Chemie (Buchs, Switzerland). The reference substances kaempferol (99%) and isorhamnetin (99%) were purchased from Extrasynthèse (Genay, France), and quercetin (>99%) was purchased from HWI ANALYTIK GmbH (Ruelzheim, Germany). Ultrapure water was purified with a Millipore water cleaning system (Bedford, USA).
Preparation of Extracts.
Samples of G. biloba leaves were prepared according to the method described in the European Pharmacopoeia monograph (Ph. Eur. 01/2011:1828) [19] of Ginkgo leaf (Ginkgonis folium). The extracts were produced by weighing 2.5 g of material (precise weight) and adding the solvent up to a total volume of 50.0 mL. The samples of raw material were extracted in a 60% acetone/water mixture (v/v) by heating under a reflux condenser twice for 30 min. 50.0 mL of prepared solution was evaporated till the elimination of acetone. Remaining extract was transferred to 50.0 mL vial, rinsed with 30.0 mL of methanol and 4.4 mL of hydrochloric acid, and diluted with water to the 50.0 mL mark. 10.0 mL of the supernatant liquid was placed in a 10.0 mL brown-glass vial and closed with a rubber seal and aluminium cap and heated on the water-bath for 25 min. The extracts were filtered through 0.22-m nylon syringe filters (Carl Roth GmbH & Co. KG, Germany).
HPLC-PDA Analysis.
The HPLC equipment system consisted of a Waters 2695 chromatograph (Waters Corporation, Milford, USA) that was equipped with a Waters 2998 photodiode array detector (Waters Corporation, Milford, USA). The chromatographic separation was carried out using a 150 × 4.6 mm, 5-m ACE C18 column (Advanced Chromatography Technologies, Aberdeen, Scotland) that was thermostated at 25 ∘ C. The injection volume was 10 L, and the elution flow rate was 1.0 mL min −1 . A binary mobile phase with a gradient elution was used. Eluent A consisted of water (HPLC grade) containing 0.3 g L −1 orthophosphoric acid (pH 2.0) and eluent B consisted of methanol. The following gradient was used: 0 min to 1 min with 60% A and 40% B; 1 min to 20 min from 60% to 45% A and from 40% to 55% B; 20 min to 21 min from 45% to 0% A and from 55% to 100% B; 21 min to 25 min with an isocratic elution of 100% B; and 25 min to 30 min from 0% to 60% A and from 100% to 40% B.
Validation of the HPLC-PDA method was determined according to the following parameters: specificity, precision, limit of detection, and limit of quantification ( Table 2) .
The Identification and Quantification of Flavonoid.
Quercetin, kaempferol, and isorhamnetin are assigned as markers that can be used to evaluate the quality and authenticity of G. biloba extracts and dosage forms [20, 21] . Therefore, as described above, aglycones, which are used as markers, were chosen for our further investigations. The confirmation of the chromatographic peak (quercetin, kaempferol, and isorhamnetin) identity was achieved by comparing the retention times and spectral characteristics ( = 200-600 nm) of the eluting peaks with those of reference compounds.
The stock solutions of reference standards were prepared by dissolving them in methanol. Calibration curves were established by diluting the stock solutions with methanol in appropriate quantities. The quantities of compounds were calculated from an external standard calibration curves established on six concentrations in the following range: 0.4-250 g mL −1 for quercetin, 0.4-25 g mL −1 for kaempferol, and 0.4-25 g mL −1 for isorhamnetin. Each sample was analysed in triplicate and the mean value was used for calculation. The concentration of compounds was expressed as mg g −1 dry mass (DM).
ABTS Postcolumn Assay.
The online HPLC-ABTS assay was carried out using the method described by Marksa et al. [22] . The flow rate of the individual solution was set at 0.5 mL min −1 . A reaction coil that was made of Teflon (TFE) of 3 m in length and 0.25 mm i.d. was used. The reactor temperature was set at 50 ∘ C. The product chromatograms after ABTS postcolumn reaction were registered at 650 nm using a Waters 2487 dual absorbance (UV/Vis) detector (Waters Corporation, Milford, USA). The calibration curve formed was equivalent to standard Trolox and was expressed by following quadratic equation:
The postcolumn reaction is an extension of the HPLC method. At the time of postcolumn reaction, no distribution is taking place; previously separated analytes pass through the reactor. Therefore, the main HPLC separation parameters do not apply for postcolumn assay validation [23] . The HPLC separation method is validated separately. HPLC-ABTS assay validation in this work was determined according to intraday and interday precision, minimum detectable concentration, minimum detectable amount, and linearity (Table 3) . Validation was based on the area assessment of negative peaks of standard compounds in a postcolumn chromatogram. The precision of the postcolumn method was demonstrated by performing five replicate nonconsecutive injections of the reference standard solutions on the same day (intraday) and on three different days (interday). The RSD coefficient for repeatability and intermediate precision did not exceed 3.0%. Such precision is acceptable for all the needs of pharmaceutical analysis and is suitable for the quantitative evaluation of antioxidant markers. All 4 antioxidant compounds showed significant linear regression with a determination coefficient higher than 0.99 for the postcolumn assay. The ABTS postcolumn assay is fully linear over the concentration range that was tested.
Antioxidant Activity Assessment. Calibration curves of
Trolox (concentrations range: 1.00-160.00 g mL −1 ) were made in the ABTS postcolumn assay. The radical-scavenging capacity of antioxidant active compounds in G. biloba extracts was expressed as mol Trolox equivalent (TE) per gram of leaves. TE was calculated by the following formula:
where is the concentration of Trolox established from the calibration curve ( M), samp is the volume of herbal raw material extract (L), and samp is the weight (precise) of herbal raw material (g).
Statistical Analysis.
The statistical package SPSS 20.0 (SPSS Inc., Chicago, USA) was used for statistical processing and data evaluation. All of the determinations were made in triplicate, and the means and standard errors were calculated. An analysis of variance (ANOVA) was performed to assess the effect of growth location and time of harvest on the levels of flavonoids. The strength of effect is given in partial etasquared ( 2 ). The post hoc comparisons of mean quantities were made using Tukey's HSD (Honest Significant Differences) post hoc test. Differences were considered significant when the values were less than 0.05. The growth location and the time of harvest were considered fixed factors. A Pearson correlation coefficient was calculated to evaluate the correlation. 
(1) 
Results and Discussion
Impact of the Collection Growth Location (L), the Time of Harvest (T), and the Interaction between L and T (L × T) on Flavonoid
Content. Quercetin, kaempferol, and isorhamnetin were detected ( Figure 1 ) in all specimens during plant development, but the contents of compounds varied significantly. A dispersion analysis of the received data established that the growth location and harvesting time had a significant influence ( < 0.05) on the amount of active compounds that were identified in G. biloba leaves (Table 4) . A dispersion analysis of the research data revealed that the factors identified above had the following influence on individual compounds:
contributed to the majority of isorhamnetin variations at 2 = 0.575 and accounted for the majority of variation in quercetin ( 2 = 0.397) and kaempferol ( 2 = 0.722). According to the statistical data analysis, the × interaction was not significant for all compounds. The × interaction showed a significant contribution to isorhamnetin only at -2 = 0.386 (Table 4) . So far, the literature lacks reliable data about the influence of the sample harvesting time and growth location on the accumulation of bioactive compounds in G. biloba. A review of the scientific literature on similar studies of gymnospermous plants suggests that, depending on geographical regions and growth locations, the same gymnospermous tree species demonstrate different reaction to changes in temperature and precipitation. Although gymnospermous trees growth reaction to changes in air temperature and rainfall varies in different geographical regions, the observed general features of growth variations demonstrate the existence of general climatic factors limiting and benefitting tree growth in big territories [24, 25] . As the time of the year and phytogeographical location are very important in the growth of gymnospermous trees, this work will focus on the influence of these factors on the phytochemical composition of G. biloba leaves.
Flavonoid Changes during Harvest of G. biloba Leaves.
In order to clarify the influence of the raw material collecting time on the phytochemical composition of bioactive compounds in G. biloba, there are comprehensive studies on the regularity of compound accumulation in medicinal plant raw materials.
Quercetin dominated in G. biloba leaf samples that were collected during the vegetation period, constituting 64.8-81.5% of all of the identified flavonoids. Our research data are confirmed by works of other scientists, indicating that quercetin is the dominating component in G. biloba leaf extracts [26] . Significant fluctuations ( < 0.05) in the quercetin content from 2.12 mg g −1 to 13.27 mg g −1 are observed during the vegetation period (Table 5 ). The highest contents are established in July (13.27 ± 0.59 mg g −1 ) and August (9.10 ± 0.16 mg g −1 ) and the lowest contents in June (2.12±0.04 mg g −1 ). In the course of vegetation, the quercetin content increases until the end of July (samples 3 and 5 make an exception, where the quercetin content increases until the end of August). Later, smaller amounts of quercetin are maintained until the end of October.
Kaempferol constitutes 13.3-28.9% of the flavonoid content in the samples. In the course of vegetation, the kaempferol content changes from 0.62 mg g −1 to 2.81 mg g −1 . According to the generalized research data, the highest kaempferol contents, as well as those of quercetin, are established in July and August at, respectively, 2.81 ± 0.10 mg g . Kaempferol and quercetin have similar tendencies of content change during the vegetation period. In G. biloba leaf samples, the kaempferol content increases until the end of July (samples 3 and 5 make an exception, where the kaempferol content increases until the end of August), after which it decreases until the end of October. . The isorhamnetin content increases until the end of July (samples 3 and 5 make an exception, where the isorhamnetin content increases until the end of August) and decreases at the end of September (sample 4 makes an exception, where the isorhamnetin content starts increasing at the end of October).
Our results are confirmed by other research findings that indicate similar trends in the changes in phenolic content throughout the growth season [27] . However, our results differ from other research findings that indicate different trends in the changes of phenolic compounds content throughout the growth season. Kaur et al. [17] state that the difference between the accumulated flavonoid content and raw material harvesting time is not statistically important and 6 Journal of Food Quality that quercetin, kaempferol, and isorhamnetin do not show a regular trend with sample collection time.
According to scientific literature, G. biloba leaves, depending on climatic conditions, are harvested in July (the USA), August (China), or September/October (France) [28] . This particular time of harvest is chosen with respect to both the maximum concentration of active constituents and the lowest possible damage to the tree caused by the leaf collection. One of the research objectives is to provide practical recommendations for the pharmaceutical industry to determine the optimum collection time of G. biloba leaves. Our research data shows that, due to the maximum concentration of flavonoids, July and August are recommended as appropriate times to harvest leaves of G. biloba for industry. According to scientific literature, the collection of G. biloba leaves raw material in October is favourable due to the possibility of collecting more biomass and causing less damage to the tree. The obtained research results enable us to state that collection of G. biloba raw material in October is not appropriate, as a high variation (variation coefficients: quercetin: 88%, kaempferol: 46%, and isorhamnetin: 83%) makes it complicated to get plant raw material of replicated composition. High variation increases the possibility of collecting raw material of low quality and makes it difficult to ensure the quality of herbal medicinal products.
Flavonoid Analysis of G. biloba Leaves Grown in Different Geographical
Regions. The flavonoid contents in G. biloba leaf samples that were collected in different phytogeographical regions of Lithuania (the northern, western, southern, southwestern, and central parts of Lithuania) have been compared statistically. The results show statistically important differences in the amounts of quercetin, kaempferol, and isorhamnetin that are contained in raw materials.
The application of Tukey's HSD post hoc test has established that raw materials that are collected in western Lithuania contain statistically significantly higher ( < 0.05) amounts of quercetin and isorhamnetin than do raw materials that are collected in other parts of Lithuania. According to the results of this test, the raw materials that are collected in southwestern part of Lithuania contain statistically significantly higher ( < 0.05) amounts of kaempferol than do raw materials that are collected in other parts of the country. Statistically significant ( < 0.05) differences in the quantitative composition of compounds (according to the quercetin, kaempferol, and isorhamnetin contents in raw materials) in the samples from the same or different regions may be related to the age of the plant. Preliminary studies of the influence of plant age on the accumulation of active compounds have been conducted. The results indicate that the content of the flavonoids in G. biloba leaves from young trees is higher than in those from old trees (results not shown). The amount of flavonoids that accumulated during the vegetation period can also be influenced by climatic factors, plant gender, cultivation conditions, and so on [29] .
Assessment of the Antiradical Activity of Extracts.
A correlation between the amount of phenolic compounds and antioxidant activity is established in most scientific studies [30] [31] [32] [33] . A strong correlation between phenolic compounds and antiradical activity is also found in previous experiments with G. biloba leaves [34, 35] . In our study, a positive and highly significant correlation ( = 0.952, < 0.001) between the flavonoid content in G. biloba leaf and antioxidant activity has been determined. Thus, the results of antioxidant activity assessment follow the regularities that are discussed in the analysis of the quantitative change of phenolic compounds during the vegetation period.
In the course of vegetation, the highest antioxidant activity of quercetin is established in July (9.38 ± 0.03 mol g −1 )
and August (8.80 ± 0.04 mol g −1 ) when the leaves accumulate the highest flavonoid contents ( Table 6 ). The lowest antiradical activity of quercetin is established in June (2.00 ± 0.01 mol g −1 ). According to our research data, the highest antioxidant activity of kaempferol, as well as quercetin, is established in July and August at, respectively, 8.00 ± 0.08 mol g −1 and 4.72 ± 0.04 mol g −1 and the lowest in June (1.60 ± 0.10 mol g −1 ). Meanwhile, the antioxidant activity tendencies of isorhamnetin differ. The highest isorhamnetin antioxidant activity, as well as quercetin and kaempferol, is established in July (1.90 ± 0.08 mol g −1 ) and August (1.12 ± 0.01) mol g −1 , but the lowest was in June and September at, respectively, 0.24 ± 0.01 mol g −1 and 0.03 ± 0.00 mol g −1 . According to the research data, during the vegetation period, the antioxidant activity depends on the colour of G. biloba leaves. A statistically significant difference ( < 0.05) between the amount of flavonoids that accumulate in samples of green and yellow leaves has been established. Our results are confirmed by literature data indicating that the aqueous acetonic and ethanolic extracts from green leaves scavenge radicals to a greater degree compared to those from yellow Ginkgo leaves [33] .
The obtained research results allow us to establish that the extracts from G. biloba raw material that are collected in the western phytogeographical region have a statistically significantly higher ( < 0.05) antioxidant activity than do the extracts from raw materials that are collected in other parts of Lithuania. This result is due to the high amounts of flavonoids in the leaves that are harvested in this region. However, there are no significant differences between the TE values for extracts from the southwest, south, north, and central regions ( Table 6 ).
The results that were obtained during the study will serve to prepare raw plant material that is rich in antioxidants and to predict the antioxidant effects of G. biloba leaf extracts in vivo and will be valuable for the quality assessment and standardization of raw plant materials and their products.
Conclusion
In conclusion, the growth location and time of harvest have a significant effect ( < 0.05) on the flavonoid concentration in G. biloba. The largest variation in the total flavonoid content is attributed to time of harvest, followed by the growth location. The influence of the mentioned factors on the individual compounds is sequenced as follows: the growth location contributes to the majority of the variation in isorhamnetin, while the time of harvest accounts for the majority of variation in quercetin and kaempferol. According to the data, due to the maximum concentration of flavonoids, July and August are recommended as appropriate times to harvest leaves of G. biloba for industry. Among the different cultivation sources, G. biloba trees that are cultivated in the western agroclimatic region of Lithuania accumulate a higher content of quercetin and isorhamnetin; meanwhile, the samples from the southwest region contain the highest amount of kaempferol. To ensure the rational harvesting of G. biloba raw material, considering the optimal cultivation area, the above-mentioned phytoregions are recommended to increase culture collections.
